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1. BODY OF REPORT
A. STATEMENT OF THE PROBLEM

The problem to be solved involved limits on the performance of imaging systems when
the optics, or image gathering portion, and the signal processing portion are designed
separately. Recent work had demonstrated that by considering the optical and signal
processing portions of an imaging system jointly, many different modalities of imaging
can be obtained. For example, one modification of the optics can give the system a very
large increase in the depth of field or focus. The image formed appears blurred because
of the nonstandard point spread function. However, if done properly, the point spread
function and the optical transfer function do not change over a very large region.
Consequently, one digital filter can perform a deconvolution and provide a high quality
final image. The problem is to maximize the resolution in the lateral direction and the
depth or range resolution in the longitudinal direction.

B. SUMMARY OF IMPORTANT RESULTS

The primary goal of the research was to investigate longitudinal and lateral resolving
power of hybrid optical/digital imaging systems. Most loss of resolution is due to
aberrations in the lens. The hybrid system modified the optics to be invariant to focus-
related aberrations such as chromatic aberration, spherical aberration, and curvature of
field. This yielded intermediate images that are invariant to those aberrations. The post
processing of the intermediate image resulted in a high-quality, high-resolution image. A
matrix method was developed for analyzing imaging systems,. A means was found for
overcoming the effects of lack of spatial stationarity on hybrid systems. Channel
reduction techniques were developed to do more efficient processing of color images.
This required only one channel of a three-color image to be processed, and then the color
was added back to the image. A new technique was developed for measuring the axial
depth of an image that had an error of less than 0.1% of the distance. This was
demonstrated to be effective for passive ranging.
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